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Abstract  
The synthesis and photochemical properties of two novel selenium zinc(II) phthalocyanines, a 
lipid-soluble 2,9(10),16(17),23(24)-tetrakis[(2-dimethylamino)ethylselanyl]phthalocyaninato 
zinc(II) (4) and its water-soluble quaternized derivative 2,9(10),16(17),23(24)-tetrakis[(2- 
trimethylammonium)ethylselanyl]phthalocyaninato zinc(II) tetraiodide (5), were investigated. 
Maximum absorption values were 689 nm and 684 nm for 4 and 5 in DMF, respectively. In 
addition, phthalocyanines were revealed to be very efficient singlet oxygen generators with  high 
values of Φ∆ 0.74 and 0.84 for 4 and 5 in DMF, and they were photostable over  the irradiation 
times studied. The photodynamic effect were evaluated on CT26 colon carcinoma cells. After 
light exposure, 4 and 5 were found to be cytotoxic, and IC50 values were 0.5 ± 0.1 µM and 2.3 ± 
0.6 µM, respectively. The production of a greater amount of reactive oxygen species after 




















Colorectal carcinoma is one of the most common cancers and one of the leading causes of 
cancer-related death in the World. Conventional cancer treatments, such as chemotherapy, 
radiotherapy and surgery are aggressive therapies and produce significant systemic toxicity that 
causes severe short- or long-term side effects. Therefor , the use of alternative selective and 
noninvasive therapies that minimize systemic side effects are needed. In this context, 
photodynamic therapy (PDT) is a promising clinical treatment of a variety of endoscopically 
accessible tumors such as lung, bladder, gastrointesti al, and gynecological neoplasm, as well as 
non-melanoma skin cancer and precancerous diseases [1-7]. Phthalocyanines (Pc) are among the 
most promising second-generation photosensitizers as phototoxic drugs for PDT because they 
have high efficiency of reactive oxygen species generation upon illumination, high chemical 
stability and fluorescence [8-11]. Also, they have some advantages over hematoporphyrin 
derivatives, such as an absorption peak at a longer wavelength in the red light region, where 
tissue penetration is enhanced, a higher extinction oefficient at around two orders of magnitude 
stronger than the highest Q-band absorption of a porphyrin, and reduced skin phototoxicity. The 
photophysical properties of Pc are strongly influenced by the presence and nature of the 
coordinated central metal ion [12,13]. Zinc (II) phthalocyanines have intensive red-visible region 
absorption, high singlet and triplet yields and long lifetimes of the excited triplet, making them 
extremely valuable for PDT. 
In PDT applications, an important issue related to Pc derivatives is their water solubility and 
aggregation properties, which may have a noticeable influence on the singlet oxygen production 
efficiency, bioavailability and the in vivo distribution of Pc. While lipophilic Pc are reported to 














Pc are considered the best targets for a new photosensitizers because they are able to improve 
water solubility and prevent the aggregation that seriously compromises the PDT value of the 
photosensitizer [15]. 
Bioisosterism represents in medicinal chemistry a successful strategy in the molecular 
modification and design of new therapeutically drugs [16]. Our group have previously reported 
the synthesis and photobiological studies of four isosteric water-soluble cationic zinc (II) 
phthalocyanines by using human nasopharynx KB carcinoma cells [17]. The sulfur-linked 
cationic dye, 2,9(10),16(17),23(24)-tetrakis[(2-trimethylammonium)ethylsulfanyl]phthalocya 
ninato zinc(II) tetraioidide (Pc13) was the most active of the four sensitizer assays and showed a 
singlet oxygen quantum yield (Φ∆) of 0.58 in water and a higher bathochromic shift of 10 nm for 
the Q-band as compared with the oxygen-linked cationic aliphatic phthalocyanine 
2,9(10),16(17),23(24)-tetrakis[(2-trimethylammonium)ethoxy]phthalocyaninato zinc(II) tetra 
iodide. Moreover, no effect on cell proliferation was observed after light exposure of KB cells 
previously incubated with the oxygen isoster. The cytotoxic potency of the lipophilic 
phthalocyanine 2,9(10),16(17),23(24)-tetrakis-[(2-dimethylamino)ethylsulfanyl]phthalocyanina-
to zinc(II)) (Pc9) incorporated into poloxamine polymeric micelles was also studied in KB and 
murine colon adenocarcinoma cells (CT26 cells) demonstrating a remarkable more efficient 
capacity to reduce cell viability after photodynamic treatment than Pc13 [18, 19]. According to 
these observations, the bioisosteric replacement of the heteroatom attached to the phthalocyanine 
macrocycle should be studied since it can cause significant modifications in the photophysical 
and photodynamic properties that could be useful for the PDT requirements. We have reported 
the first synthesis of a lipophilic alkylselenium tetrasubstituted zinc(II) phthalocyanine which 
presented a Φ∆ of 0.64, a fluorescence quantum yield (ΦF) production of 0.18 and a high Q band 














These results have encourage us to investigate the synthesis, photochemical properties, 
photochemical stability and photobiological activity on murine colon carcinoma cells (CT26) of 
the selenium-linked lipophilic dye 2,9(10),16(17),23( 4)-tetrakis[(2-dimethylamino)ethylse-
lanyl]phthalocyaninato zinc(II) (4) and its water-soluble quaternized dye 2,9(10),16(17),23(24)-
tetrakis[(2-trimethylammonium)ethylselanyl]phthalocyaninato zinc(II) tetraiodide (5).  
 
2. Experimental  
2.1 Materials 
 Chromatography columns were prepared with tlc Kieseg l (Merck), and Aluminium Oxide 90 
standardized (Merck). N,N-dimethylformamide (DMF) was dried over 3Ǻ molecular sieves 
during 72 hours, then filtered and freshly distilled before utilization [21]. Sodium hydride 
Riedel-de Haën 80% suspension in oil was employed. 1,3-Diphenylisobenzofuran (DPBF), 
tetrahydrofuran (THF) and 1,8-Diazabicyclo[5.4.0]undec-7-ene (DBU), as well as all reagents 
were provided by Sigma-Aldrich. Pc9 and Pc 13 were synthesized in our laboratory [19]. The 
probe 2',7'-dichlorfluorescein diacetate (DCFH-DA) and propidium iodide were obtained from 
Sigma Chemical. 
2.2. Instrumentation 
Melting points were determined on an Electrothermal 9100 capillary melting point apparatus. 1H 
NMR were recorded on a Bruker MSL 300 spectrometer. The 1H NMR of the phthalocyanines 
were recorded on a Bruker AM 600. Intermediates ESI-TOF mass spectroscopy was determined 
with a ZQ Micromass spectrometer. Phthalocyanines ma s spectra were measured with a Bruker 
SolariX 12 T FT-ICRMS with nano-ESI. Ions were detected between m/z 400 and 2000, yielding 
a 2 Mword time-domain transient. Electronic absorpti n spectra were determined with a 














QuantaMaster Model QM-4 PTI spectrofluorometer. Infrared spectra were performed with a 
Perkin Elmer Spectrum One FT-IR spectrometer.  
2.3.  Synthesis 
2.3.1. 4,4'-diselanediyldiphthalonitrile (2). A mixture of 4-aminophthalonitrile (1) (0.200 g, 1.4  
mmol) and an aqueous HCl solution (2.7 mL, 5.4 mmol) was stirred at 0 ºC. A cold water  
solution of sodium nitrite (1 mL, 2 mmol) was added dropwise. Then, sodium acetate (0.440 g,  
5.4 mmol) and acetate buffer (40 mL) were added at pH 4.5. KSeCN (0.288 g, 2 mmol) was  
added under vigorous agitation, and the solution was kept at 0 ºC for 3 h. The reaction mixture  
was extracted with CH2Cl2 (3 x 30 mL) and the combined extracts were washed with water (2 x 
30 mL) and dried over Na2SO4. After evaporation in vacuo, the residue was dissolved in a small 
volume of CH2Cl2 and filtered through a silica-gel column packed anpre-washed with the same  
solvent. Two bands were eluted and evaporated in vacuo. The residue was recrystallized from  
ethanol. Yield: 0.215 g (75%); mp 184–186 ºC. IR (KBr, cm-1): 3466, 3435, 2233, 1638, 1266,  
1108, 741, 706, 524. 1H NMR (300 MHz, CDCl3): δ 7.80 (m, 3H), 8.01 (m, 3H). MS (ESI): m/z  
(%) = [M+Na]+ calcd for C16H6N4Se2Na: 436.88179; found: [M+Na]
+ 436.88119.  
2.3.2.  4-((2-(dimethylamino)ethyl)selanyl)phthalonitrile. (3) 
A mixture of 4,4’-diselanediyldiphthalonitrile (0.197 g, 0.487 mmol), 2-chloro-N,N-
dimethylethanamine hydrochloride (0.246 g, 1.7 mmol) [22] and NaH (0.200 g, 8.3 mmol) in  
DMF (5 mL) was stirred under an Ar atmosphere at 60°C for 3 h. The reaction mixture was  
poured into water (30 mL) and extracted with CH2 l2 (3 x 20 mL) and the organic phase was 
washed with water (3 x 30 mL) and dried over anhydrous Na2SO4. After evaporation in vacuo, 
the residue was dissolved in a small volume of CH2 l2 and filtered through a silica-gel column 














recrystallized from ethanol. Yield: 0.136 g (55 %); mp 115-116°C. IR (KBr, cm-1): 523, 670,  
821, 1040, 1063, 1124, 1210, 1293, 1373, 1477, 1542, 1580, 2228, 2780, 2822, 2860, 2940,  
2970, 3016. 1H NMR (300 MHz, CDCl3): δ 2.25 (s, 6 H), 2.67 (t, 2 H, J = 6), 3.14 (t , 2 H, J = 6), 
7.56 (d, 1 H, J = 9), 7.66 (dd, 1 H, J = 3; 9), 7.73 (d, 1 H, J = 3). MS (ESI): m/z (%) =   [M+Na]+  
calcd for C12H13N3NaSe: 302.01672; found: [M+Na]
+ 302.01694. Anal. Calcd. for 
C12H13N3Se: C, 51.81; H, 4.71; N,15.1. Found: C, 51.59; H, 4.73; N,15.01 
 2.3.3. 2,9(10),16(17),23(24)-tetrakis[(2-dimethylamino)ethylselanyl]phthalocyaninato zinc(II) 
(4).  
A mixture of 3 (0.130 g, 0.468 mmol), anhydrous zinc acetate (0.160 g, 0.704 mmol), and 1,8 
diazabicyclo[5.4.0]undec-7-ene (DBU) (0.2 mL,1.34 mmol) in anhydrous butanol was stirred 
and heated at 150 °C under Ar atmosphere for an hour. The mixture was cooled down and 
evaporated in vacuo. The green solid residue was dis olved in a small volume of CH2Cl2–
CH3OH (98:2) and filtered through an aluminum oxide column packed and pre-washed with the 
same solvent. After evaporation in vacuo, the dye was recrystallized from CH2Cl2–hexane. Yield 
0.085 g (65%). IR (KBr, cm-1): 596, 743, 824, 901, 1032, 1095, 1193, 1263, 1405, 2767, 2814, 
2851, 2970. 1H NMR (600MHz, CDCl3):  δ 1.62 (br s, 24H, CH3), 2.43 (m, 8H, CH2N), 3.51 (m, 
8H, SeCH2), 7.05-8.06 (m, 12H, Ar). MS (nano-ESI): m/z (%) = [M+Na]
+ calcd for 
C48H52N12NaSe4Zn: 1201.01841; found: [M+Na]
+. 1201.01847. Anal. Calcd. for 
C48H52N12Se4Zn: C, 48.93; H, 4.45; N,14.27. Found: C, 48.80; H, 4.43; N,14.18. 
2.3.3. 2,9(10),16(17),23(24)- tetrakis [(2-trimethylammonium)ethylselanyl]phthalocyaninato  
zinc(II) tetraiodide (5)  
3 (0.035 g, 0.029 mmol) was stirred in a solution of CH3I (3 mL, 50 mmol) and freshly distilled 
CH2Cl2 for 24 hours at 60ºC. After cooling at room temperature, the obtained power was 














(KBr, cm-1): 605, 669, 824, 901, 1034, 1097, 1262, 1400, 2916, 2966. 1H NMR (600MHz,  
CDCl3 δ 2.51 (s, 24H, CH3), 3.24 (m, 8H, CH2N), 3.84 (m, 8H, SeCH2), 7.04-8.11(m, 12H, Ar), 
MS (nano-ESI): m/z (%) = [M+]  calcd for C52H68N12Se4I4Zn: 1750.78937; found: [M
+] 
1750.79201. Anal. Calcd. for C52H68N12Se4I4Zn: C, 35.69; H, 3.92; N,9.6. Found: C, 35.58; H, 
3.90; N,9.55. 
2.4. Photophysical and photochemical  parameters  
2.4.1. Spectroscopic studies 
Absorption and emission spectra were recorded at different concentrations employing  a 10 x 10  
mm quartz cuvette.  All experiments were performed at room temperature. The emission spectra  
of  4 and 5 were collected at an excitation wavelength of 610 nm (Q-band) and recorded between  
630 and 800 nm. 
 2.4.2.   Fluorescence quantum yields 
Fluorescence quantum yields (ΦF) were determined by comparison with those of Pc9 (ΦF = 0.28  
in THF) [17]   as reference at λexc = 610 nm for 4 and 5. Calculations were performed by 
equation 1.                                                                                                                                                                                              
(1) 
 
where R and S superscripts refer to the reference ad the sample respectively; I is the integrated  
area under the emission spectrum; A is the absorbance of solutions at the excitation wavelength   
and ( ) 2/ RS nn  stands for the refractive index correction.  
2.4.3. Quantum yield of singlet  oxygen production 















































oxygen generation rates [23]. For Φ∆ studies, 1,3-diphenylisobenzofuran  (DPBF) was used as a 
singlet oxygen chemical quencher. To avoid chain reactions induced by DPBF in the presence of 
singlet oxygen, the absorbance of DPBF was under 1.9 employing a 10 x 10 mm quartz cuvette. 
DPBF decay at 410 nm was monitored. Polychromatic irradiation was performed using a 
projector lamp (Philips 7748SEHJ, 24V-250W) and a cut-off filter at 610 nm (Schott, RG 610) 
and a water filter were used to prevent ultraviolet and infrared radiation. Samples 4, 5 and  Pc13  
(Φ∆ = 0.71 in DMF)  
[17],  were irradiated within the same wavelength interval λ1 - λ2  and Φ∆ was calculated  
according to equation 2 [24]. 
                                                                                                
(2) 
 
where r is the singlet oxygen photogeneration rate and the superscripts S and R stand for the  
sample and reference respectively, A is the absorbance t the irradiation wavelength and Io(λ) is  
the incident spectral photon flow (mol s-1 nm-1). When the irradiation wavelength range is  
narrow, the incident intensity varies smoothly with wavelength and  the sample and reference  
have overlapping spectra Io may be approximated by a constant value which may be drawn out 
of the integrals and cancelled. 
2.4.4. Photo-oxidative stability 
The photostability of 4 and 5 was determined by the decay of the Q-band intensity after  
exposure to red light [25]. The fluence rate was adjusted to 20 mWcm-2. Measurements were  



















































                                               
(3)                                                                                                 
where t, A0, At are the irradiation time, absorbance at t=0, absorbance at different times,  
respectively. 
2.5. Biological Studies 
2.5.1. Cells and culture conditions 
Murine colon carcinoma CT26 cells (ATCC CRL-2638) were maintained in a humidified  
atmosphere of 5% CO2 at 37 ºC in RPMI-1640 (Gibco BRL) containing 10% (v/v) fetal bovine  
serum (FBS, Gibco BRL), 2 mM L-glutamine, 50 U/mL penicillin and 50 mg/mL streptomycin. 
2.5.2 Photodynamic treatment 
CT26 cells were plated at a density of 2 x 104 cells/well in 96-well microplates and incubated  
overnight at 37 °C until 70-80% of confluence. Then, the culture medium was replaced by  
medium containing 4% FBS and different concentrations f phthalocyanine 4 or 5. Stock  
solutions of 0.83 mM  phthalocyanine 4 dissolved in dimethyl sulfoxide (DMSO) and 5 mM  
phthalocyanine 5 prepared in water were employed. 24 h later, compounds were removed and  
cells were exposed to a light dose of 2.8 J cm-2, 1.17 mW cm-2, with a 150 W halogen lamp  
equipped with a 10 mm water filter to attenuate IR radiation and maintain cells cool. In addition,  
a cut-off filter was used to bar wavelengths shorter than 630 nm, as described previously [17]. In  
parallel, non-irradiated cells were used to study dark cytotoxicity. 24 h following treatment, cell  
viability was determined by the MTT reduction assay. The absorbance (595 nm) was measured  
in a Biotrack II Microplate Reader (GE Healthcare, Piscataway, NY). 
2.5.3. Determination of intracellular reactive oxygen species (ROS) production  
The endogenous ROS content was evaluated from the oxidation of the probe 2',7' 
dichlorofluorescein diacetate. After diffusing into cells, DCFH-DA is first deacetylated by  



















2',7'-dichlorofluorescein (DCF). CT26 cells were plated at a density of 3 x 104 cells/well in 24 
well microplates and incubated 48 h at 37ºC until 70-80% of confluence. Then, the culture  
medium was replaced by RPMI containing 4% FBS and different concentrations of 4 or  5. After  
24 h, cells were washed with PBS and incubated incubated with a 10 µM concentration of  
DCFH-DA for 30 min at 37 ºC. After removing the probe, cells were irradiated with a light dose  
of 2.8 J cm-2 in the presence of RPMI containing 10% FBS. Cells were next solubilized by  
treating with Triton X-100 (0.1% v/v) in PBS for 30 minutes, and the green fluorescence of DCF  
was detected in a PerkinElmer LS55 Fluorometer (PerkinElmer Ltd., Beaconsfield, UK) using  
488 nm excitation and 530 nm emission wavelengths. After 10 min of incubation with a final  
concentration of 50 µM propidium iodide (PI), DNA content was estimated from the  
fluorescence intensity of DNA-PI complex at excitation and emission wavelengths of 538 and  
590 nm, respectively. Results were expressed as the ratio between DCF and PI fluorescence. 
2.5.4. Statistical analysis 
The values are expressed as mean ± S.E.M. Statistical analysis of the data was performed by  
using the Student´s t-test or one way analysis of variance (ANOVA) followed by Dunnett post 
hoc test where appropiate. p<0.05 denotes a statistic lly significant difference. 
3. Results and Discussion 
3.1. Synthesis 
 Novel selenium tetrasubstituted zinc (II) phthalocyanines compounds  were designed and  
synthesized as depicted in Scheme 1. The sequence bgins with the reaction of the commercially 
available 4-aminophthalonitrile (1) with sodium nitrite solution followed by the addition of  
potassium selenocyanate to give compound 2. Phthalonitriles 2 reacted with excess of sodium  
hydride in DMF and 2-chloro-N,N-dimethylethanamine hydrochloride giving 3 in 55% yield  
[22]. Briefly, phthalocyanine 4 was prepared by  cyclotetramerization of phthalonitrile 3 by   














followed by recrystallization to attain 55% of the d sired 2,9(10),16(17),23(24)-tetrakis[(2 
dimethylamino)ethylselanyl]phthalocyaninato zinc(II). Phthalocyanine 4 was further N- 
methylated using an excess of iodomethane in CH2Cl2 to give the cationic phthalocyanine 5 in a  
high yield of 70%.  According to these, compounds 4 and 5 can be synthesized by a standard 
synthetic protocol and are thus obtained as a mixture of regioisomers. 
In general metallophthalocyanine complexes are insoluble in most organic solvents and water; 
however the introduction of substituents on the ring increases their solubility. Phthalocyanine 4 
showed excellent solubility in THF, DMF and DMSO.  Quaternized complex was fully soluble 
DMF, DMSO and water. The presence of isomers has the positive effect of disrupting crystalling 
order and thus enhancing solubility; however it is a disadvantage if a pure photosensitizer is 
required for clinical purposes.  
Intermediates 2-3 and phthalocyanines were characterized by UV-vis, IR and 1H NMR and nano-
ESI FT-ICR mass spectroscopy has become the choice method for the analysis of selenium 
compounds. The analyses are consistent with the predicted structures as shown in the 
experimental section.  
Scheme 1 
3.2. Spectroscopic studies  
Spectroscopic properties of selenium zinc (II) phthalocyanines 4 and 5 are summarized in  
Table 1. The UV–visible absorption spectra of  4 and 5 was recorded in  DMF in the 300-800 nm  
range. As shown in Fig. 1, the electronic spectra of 4 and 5 is typical for non-aggregated  
metallated phthalocyanines. It is characterized by the appearance of an intense and narrow Q  
band at 684-689 nm associated with some less intense satellites at its blue flank,  the appearance  
of a less intense but broad Soret band at  367-370 nm and transparency in the other spectral  
region [23,26]. Furthermore, no deviations from the Lambert-Beer law was observed, indicating  














oxygen containing phthalocyanines previously reported [17,27,28], selenium phthalocyanines 
present a bathochromic shift of 7–11 nm for the Q-bands.  In addition, the Q band absorption 
coefficient of the selenium phthalocyanine  4 was 2 times higher than the isosteric oxygen dye,  
2,9(10),16(17),23(24)-tetrakis[(2-dimethylamino)ethoxy]phthalocyaninato zinc(II) [17],  this  
property improving skin light and it is relevant for dosing in PDT studies. Any differences in the  
Q-band absorption coefficient was observed when selenium phthalocyanine 4 and 5 were  
compared with their sulfur analogs previously published by our group [17] . 
Table 1 
Figure 1 
The fluorescence spectrum of selenium zinc (II) tetrasubstituted phthalocyanines in DMF are  
shown in  Fig. 1. The shape of the spectra for all dyes is the same as others zinc(II) 
phthalocyanines indicating that fluorescence can be attributed only to the monomer [27, 28]. The  
fluorescence Q peaks are shifted ~1 nm to the red from the corresponding absorption maximum  
(Table 1).  Relative fluorescence quantum yields (ΦF) are similar for compounds 4 and 5. 
3.3. Quantum yield of singlet oxygen production 
   Table 1 shows singlet oxygen quantum yield Φ∆  values for dyes 4 and 5  in DMF. Sample  
absorbances were kept as low as possible to prevent aggregation in order to obtain measurable  
values of quantum yield of singlet molecular oxygen. The singlet oxygen generation mechanism  
does not cause any remarkable change in the absorption intensity of phthalocyanines which  
exhibit their stability during this experiment. As indicated in Table 1, phthalocyanines 4 and 5  
are excellent singlet oxygen generators with a highvalue of Φ∆ , 0.84 and 0.74, respectively. 
3.4.  Photo-oxidative stability 
The photostability of  4 and 5 was analyzed in DMF  by measuring the decrease in the  
intensity of the Q-band over time irradiation with red light under air. The time decay of the  
















The corresponding photodegradation constants k are listed in Table 1. As shown in Table 1,  
phthalocyanines showed low values of k, thus indicating that they are stable over thee irradiation 
time of our experiments. Moreover cationic phthalocyanine 5 presented the highest 
photostability. This finding is consistent with the fact that the oxidative reactions, mediated by 
singlet oxygen, have no appreciable contribution in the photo-oxidation of positively charged Pc. 
Moreover, increasing the electron-withdrawing character of substituents at periphery of macro-
ring by positive charge substantially enhances the photostability of zinc phthalocyanines [29]. 
3.5. Photocytotoxicity studies 
The cytotoxic effect of different concentrations of the lipophilic phthalocyanine 4 (dissolved in  
0.4% DMSO) and the hydrophilic phthalocyanine 5 (dissolved in culture medium) was examined  
on CT26 cells. As shown in Fig. 3, no change in cell survival was observed when cells were  
incubated in the dark up to a 6 µM concentration of any compound. However, a concentration 
dependent cytotoxicity was evident upon exposure to a light dose of 2.8 J cm-2, 1.17 mW cm-2.  
The comparison of the IC50 values, obtained from dose-response curves, reveald that 4  showed 
a higher potency than  5 (Table 2). This is consistent with the conclusion that lipophilic  
photosensitizers are preferentially transported by lipoproteins, which are uptaken directly by  
tumor cells and favoring the cell killing efficacy in comparison with the hydrophilic one, as  
reported by Jori and co-workers   [30-32].   
In a previous work, we demonstrated that sulfur-linked cationic aliphatic phthalocyanines  are  
more effective photosentitizers than oxygen-linked cationic isosteric compounds  [17, 33]. We  
then reported the photodynamic potency of Pc9, the hydrophobic sulfur-linked phthalocyanine  
analog of 4  [18] that represents an intermediary compound in the synthesis of Pc13, the water 














compounds were studied in the human nasopharynx KB carcinoma cell line, a greater effect was  
achieved with the hydrophobic phthalocyanine (dissolved in DMSO) with respect to the  
hydrophilic one. Thus, IC50 values of 0.12 ± 0.07 µM and 2.7 ± 0.6 µM were obtained for Pc9  
and Pc13, respectively [17, 18].   In addition, the p otodynamic activity of Pc9  significantly  
increased after its incorporation into different carriers, such as liposomes and micelles [18, 34].  
For comparative purposes, in this work we decided to examine the phototoxic activity of these  
sulfur-linked phthalocyanines in CT26 cells. Under the same experimental conditions herein  
employed, a 50% cell growth inhibition was obtained at 0.7 ± 0.1 µM of Pc9 and 1.4 ± 0.3 µM of  
Pc13 (Table 2). After light exposure, the selenium sosters 4 and 5 were found to be cytotoxic,  
and IC50 values were 0.5 ± 0.1 µM  and 2.3 ± 0.6 µM, respectively. These findings revealed that  
although lipophilic compounds exhibited higher potency than the water-soluble dyes, a similar  
antitumor action was obtained for selenium- and sulfur-linked phthalocyanines regardless of  
their hydrophobic properties. 
3.6.  Production of reactive oxygen species 
An appropriate photosensitizer should induce the intracellular production of ROS, cytotoxic  
molecules responsible of the oxidative damage that may result in cell death [35,36]. In order to  
explore the ability of both selenium-linked phthalocyanines to generate ROS, Pc-loaded CT26  
cells were incubated with DCFH-DA, a probe which is oxidized to a fluorescent compound in  
the presence of ROS. After irradiation of tumor cells, ROS formation was proportional to the  
photocytotoxicity of each phthalocyanine. Thus, a significant increment in ROS levels was  
detected at Pc concentrations representing the corrsponding IC50 values, increasing ROS  
formation in a concentration-dependent manner (Fig. 4).  
4. Conclusions 
The syntheses, photochemical properties, photochemical stability and photobiological activity on 














soluble quaternized dye 5 were investigated. Phthalocyanines were prepared by a one-step 
cyclotetramerization reaction of the corresponding phthalonitrile in the presence of Zn(OAc)2  in 
good yields and consequently are mixtures of regioisomers.  In addition, the phthalocyanines 
were revealed to be very efficient singlet oxygen gerators with a high value of Φ∆ 0.74 and 
0.84 for 4 and 5  in DMF, respectively and exhibited remarkable photostability over the 
irradiation times studied. Phthalocyanines 4 and 5  had no dark toxicity and showed an effective 
photodynamic activity in CT26 cells. A higher cytotoxic effect was obtained with the lipophilic 
phthalocyanine 4 (IC50= 0.5 ± 0.1 µM) with respect to the hydrophilic phthalocyanine 5 (IC50= 
2.3 ± 0.6 µM). In accordance with this result, lower concentrations of 4 were required to generate 
ROS and induce a more potent cell death. These results howed that the synthesized 
phthalocyanines are promising candidates for  PDT application and encourage us to carry out  
further in vivo studies after the investigation of  pure  isomers isolation. 
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Figure legends 
Scheme 1. Synthetic route of phthalocyanines 4 and 5. Reagents and conditions:  (a) HCl 2M 
NaNO2 2M, 0ºC; buffer acetate; KSeCN; 0ºC; 3h, 75%; (b) 2-chloro-N,N-dimethylethanamine 
hydrochloride; NaH, DMF, 60ºC, 3h, 55%;  (c) Zn(AcO)2, DBU, BuOH, reflux, 1h, 65%; (d) 














Table  1.  Photophysical  parameters and photodegradation constants k obtained for  4 and 5 in 
DMF. 
Fig. 1.  Absorption and fluorescence spectra of  phthalocyanine 4 and 5  in DMF. 
Fig. 2.  First-order plots for the photodegradation of phthalocyanine 4 and 5 in  DMF. 
Fig. 3. Effect of 4 and 5 on CT26 cell viability. Different concentrations of Pc were incubated  
with CT26 cells in the dark (4 ■; 5 ●) or exposed to a light dose of 2.8 J cm-2 (4 □; 5 ○). After 24  
h of incubation, cytotoxicity was assessed by the MTT assay, as described under Experimental.  
Results are expressed as the percentage of cell survival obtained in the absence of  
phthalocyanine and represent the mean ± S.E.M. of three different experiments. 
Table 2. Photocytoxicity of selenium phthalocyanines 4 , 5 and the sulfur isosteric analogs Pc9  
and Pc13  in CT26 colon carcinoma cell lines. 
Fig. 4. Intracellular ROS production after irradiation of Pc-loaded CT26 cells. Cells incubated  
for 24 h in the presence or absence (grey bar) of different concentrations of 4  (white bars) and 5  
(black bars), were treated with a 10 µM concentration of DCFH-DA for 30 min at 37 ºC. After  
removing the probe, cells were irradiated and solubilized as indicated in Materials and methods.  
DCF fluorescence was measured in a fluorometer and DNA content was estimated after staining  
with a final concentration of 50 µM PI in the dark. Results are expressed as the ratio be ween  
DCF and PI fluorescence, and represent the mean ± S.E.M. of three different experiments.  





















Compound Solvent    λmax,Q-band   
              (nm)                         
  λmax, Emission                 εmax                                    
       (nm)*                    (M-1cm-1)    
           ΦF                                             Φ∆                                    k 
                                               (10
-3min-1) 
4 DMF            689            691                  (1.34 ± 0.15)x105        0.14 ± 0.01       0.85 ± 0.02               34 
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 a The molar drug concentrations required to cause 50% growth inhibition (IC50) were 
determined from dose-response curves. Results represent the mean ± S.E.M of at least 
three different experiments. 
 
Table 2 
Compound IC50 (µM)a 
4 0.5 ± 0.1 
5 2.3 ± 0.6 
Pc  9   0.7 ± 0.1    





































Absorbance of 5 in DMF 
Emission of 5 in DMF
Concentration (M)




















































Absorbance of 4 in DMF
Emission of 4 in DMF
Concentration (M)








































































































Novel hydro- and lipo-philic selenium zinc(II) phthalocyanines are synthetized.  
The phthalocyanines are efficient singlet oxygen quantum yield generators.  
The photodynamic effect is evaluated on murine colon carcinoma CT26 cells. 
 Lipophilic selenium phthalocyanine shows a higher phototoxicity (IC50= 0.5±0.1 µM). 
Water soluble selenium phthalocyanine presents the highest photostability. 
